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1
ELECTRONIC DEVICE AND
LIGHT-EMITTING MODULE

RELATED APPLICATIONS

This application claims priority to Taiwanese Application
Serial Number 102107652, filed Mar. 5, 2013, which is herein
incorporated by reference.

BACKGROUND

1. Field of Invention

The present disclosure relates to an electronic device. More
particularly, to the present invention relates to an electronic
device including a light-emitting module therein.

2. Description of Related Art

With advances in technology, a light-emitting module has
been applied to various electronic devices, such as a display
device or an e-paper device.

The light-emitting module configured to emit white light
can include a red light-emitting diode (LED), a green LED,
and a blue LED. The light-emitting module can adjust a color
temperature of the white light by adjusting power levels sepa-
rately provided to the red, green, and blue LEDs. However, in
such a configuration, a large mixing area is needed to mix red
light, green light, and blue light respectively emitted by the
red, green, blue LEDs. Thus, such a restriction limits the
degree to which the electronic device can be made thinner and
smaller.

Therefore, a light-emitting module with a smaller mixing
area and that is capable of emitting white light having an
adjustable color temperature is desired.

SUMMARY

One aspect of the present invention is directed to a light-
emitting modal. In accordance with one embodiment of the
present invention, the light-emitting module is configured to
emit a white light having an output color temperature. The
light-emitting module includes at least one first light-emitting
component, at least one second light-emitting component, a
first driving component, a second driving component, and a
control component. The first light-emitting component is
configured to receive a first driving signal and emit a white
light having a first predetermined color temperature accord-
ing to a first power of the first driving signal. The first light-
emitting component includes a first light-emitting unit and a
first color temperature conversion unit. The first light-emit-
ting unit is configured to emit a white light having a first
original color temperature. The first color temperature con-
version unit is configured to convert the white light having the
first original color temperature to a white light having a first
predetermined color temperature. The second light-emitting
component is configured to receive a second driving signal
and emit a white light having a second predetermined color
temperature according to a second power of the second driv-
ing signal. The first driving component is configured to
receive the first driving signal and provide the first driving
signal to the first light-emitting component. The second driv-
ing component is configured to receive the second driving
signal and provide the second driving signal to the second
light-emitting component. The control component is config-
ured to separately output the first and second driving signals,
and configured to separately adjust the first and second pow-
ers of the first and second driving signals, so as to mix the
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white lights having the first and second predetermined color
temperatures to output a white light having an output color
temperature.

In accordance with one embodiment of the present inven-
tion, the first original color temperature is substantially the
same as the second predetermined color temperature.

In accordance with one embodiment of the present inven-
tion, the second light-emitting component includes a second
light-emitting unit and a second color temperature conversion
unit. The second light-emitting unit is configured to emit a
white light having a second original color temperature. The
second color temperature conversion unit is configured to
convert the white light having the second original color tem-
perature to the white light having the second predetermined
color temperature. In such an embodiment, the first original
color temperature is substantially the same as the second
original color temperature.

In accordance with one embodiment of the present inven-
tion, the light-emitting module further includes a circuit sub-
strate. The first light-emitting unit is disposed on the circuit
substrate. The first temperature conversion unit includes a
coating coated on the circuit substrate corresponding to a
light-emitting direction of the white light emitted by the first
light-emitting unit.

In accordance with one embodiment of the present inven-
tion, the first temperature conversion unit includes a filter
disposed in a light-emitting direction of the white light emit-
ted by the first light-emitting unit.

Another aspect of the present invention is directed to an
electronic device. In accordance with one embodiment of the
present invention, the electronic device includes a light guide
plate and a light-emitting module. The light-emitting module
is configured to emit a white light having an output color
temperature to the light guide plate. The light-emitting mod-
ule includes a circuit substrate, at least one first light-emitting
component, at least one second light-emitting component, a
first driving component, a second driving component, and a
control component. The first light-emitting component is dis-
posed on the circuit substrate. The first light-emitting com-
ponent is configured to receive a first driving signal and emit
a white light having a first predetermined color temperature
according to a first power of the first driving signal. The first
light-emitting component includes a first light-emitting unit
and a first color temperature conversion unit. The first light-
emitting unit is configured to emit a white light having a first
original color temperature. The first color temperature con-
version unit is configured to convert the white light having the
first original color temperature to the white light having the
first predetermined color temperature. The second light-emit-
ting component is configured to receive a second driving
signal and emit a white light having a second predetermined
color temperature according to a second power of the second
driving signal. The first driving component is configured to
receive the first driving signal and provide the first driving
signal to the first light-emitting component. The second driv-
ing component is configured to receive the second driving
signal and provide the second driving signal to the second
light-emitting component. The control component is config-
ured to separately output the first and second driving signals,
and configured to separately adjust the first and second pow-
ers of the first and second driving signals, so as to mix the
white lights having the first and second predetermined color
temperatures in a mixing area to output the white light having
the output color temperature.

In accordance with one embodiment of the present inven-
tion, the first temperature conversion unit includes a coating.
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The coating is coated on the circuit substrate and is located
between the first light-emitting unit and the light guide plate.

In accordance with one embodiment of the present inven-
tion, the first temperature conversion unit includes a filter. The
filter is disposed between the first light-emitting unit and the
light guide plate.

In accordance with one embodiment of the present inven-
tion, the first original color temperature is substantially the
same as the second predetermined color temperature.

In accordance with one embodiment of the present inven-
tion, the second light-emitting component includes a second
light-emitting unit and a second color temperature conversion
unit. The second light-emitting unit is configured to emit a
white light having a second original color temperature. The
second color temperature conversion unit is configured to
convert the white light having the second original color tem-
perature to the white light having the second predetermined
color temperature. In such an embodiment, the first original
color temperature is substantially the same as the second
original color temperature.

In summary, through the application of one embodiment of
the present disclosure, an electronic device capable of emit-
ting white light having an adjustable color temperature can be
realized By mixing white lights having different color tem-
peratures to generate the white light having the output color
temperature, the mixing area of the light-emitting module can
be significantly shrunk. In addition, because white light-emit-
ting units (e.g., white LEDs) have characteristics of low cost
and high performance, the light-emitting module of the elec-
tronic device, that is, the light-emitting module which mixes
white lights having different color temperatures emitted by
the white light-emitting units, can also have a high light-
emitting performance and can be manufactured at a low cost.

Additionally, by application of another embodiment men-
tioned above, the first and second light-emitting components
can be implemented by using substantially identical white
LEDs. In such a configuration, the complexity and cost of the
light-emitting module of the electronic device can be further
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
following detailed description of the embodiment, with ref-
erence made to the accompanying drawings as follows:

FIG. 1 is a block diagram of an electronic device in accor-
dance with one embodiment of the present disclosure;

FIG. 2 is a diagram illustrating a first predetermined color
temperature and a second predetermined color temperature of
the electronic device on a CIE 1931 color space chromaticity
diagram in accordance with one embodiment of the present
disclosure;

FIG. 3 is a block diagram of the electronic device in accor-
dance with another embodiment of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
attain a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
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are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first ele-
ment, without departing from the scope of the embodiments.

Moreover, it will be understood that “electrically connect”
or “connect” used herein can refer to physical contact or
electrical contact realized directly or indirectly between two
or more elements. “Electrically connect” or “connect” can
further refer to the interoperation or interaction between two
or more elements.

One aspect of the present invention is an electronic device.
The electronic device can be a display device, an e-paper
device, and so on. To facilitate the description to follow, an
e-paper device will be taken as an example in the following
paragraphs.

FIG. 1 is a block diagram of the electronic device 100 in
accordance with one embodiment of the present disclosure.
The electronic device 100 can include a light guide plate 110
and a light-emitting module 120. The light guide plate 110
can include an active area 112 and a non-active area 114. The
light-emitting module 120 can be disposed on at least one side
of the light guide plate 110. The light-emitting module 120,
for example, is a front light module of the electronic device
100.

In this embodiment, the light-emitting module 120 can
include a circuit substrate 122, at least one first light-emitting
component 124, at least one second light-emitting component
126, a first driving component 128, a second driving compo-
nent 130, and a control component 132. The first light-emit-
ting component 124 and the second light-emitting component
126 can be disposed on the circuit substrate 122. The first
driving component 128 can be electrically connected to the
first light-emitting component 124 and the control component
132. The second driving component 130 can be electrically
connected to the second light-emitting component 126 and
the control component 132.

The first light-emitting component 124 is configured to
receive a first driving signal (e.g., voltage, current, pulse
width modulation signal, and so on) transmitted by the con-
trol component 132 through the first driving component 128,
and configured to emit a white light having a first predeter-
mined color temperature (e.g., 8900 K) according to a first
power of the first driving signal.

The second light-emitting component 126 is configured to
receive a second driving signal (e.g., voltage, current, pulse
width modulation signal, and so on) transmitted by the con-
trol component 132 through the second driving component
130, and is configured to emit a white light having a second
predetermined color temperature (e.g., 5400 K) according to
a second power of the second driving signal. The first prede-
termined color temperature is different from the second pre-
determined color temperature. The first light-emitting com-
ponent 124 and the second light-emitting component 126 can,
for example, be separately realized by white light emit diodes
(LEDs) corresponding to different bins, or be separately real-
ized by other components configured to emit white lights
having different color temperatures (details in this regard will
be described in the paragraphs below).

The first driving component 128 can be configured to
receive the first driving signal transmitted from the control
component 132, and to provide the first driving signal to the
first light-emitting component 124.

The second driving component 130 can be configured to
receive the second driving signal transmitted from the control
component 132, and to provide the second driving signal to
the second light-emitting component 126. The first driving
component 128 and the second driving component 130, for
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example are driving circuits independent of each other. It
should be noted that the first driving component 128 can
receive the first driving signal and provide the first driving
signal in different forms. Purely by way of a non-limiting
example, the first driving component 128 can receive a volt-
age signal and provide a current signal to the first light-
emitting component 124. Similarly, the second driving com-
ponent 130 can receive the second driving signal and provide
the second driving signal in different forms.

The control component 132 can be configured to separately
output the first driving signal and the second driving signal,
and to separately adjust the first power of the first driving
signal and the second power of the second driving signal (e.g.,
adjust the voltages, the currents, the pulse modulation signals,
and/or the frequencies of the first and second driving signals),
so as to mix the white light having the first predetermined
color temperature and the white light having the second pre-
determined color temperature in a mixing area A to generate
a white light having a specific output color temperature (e.g.,
8900K-5400K). The mixing area A can be located in the air or
in a portion of the non-active area 114 of the light guide plate
110. The control component 132, for example, can be imple-
mented by electrical circuits or other devices that one skilled
in the art would be able to contemplate.

Reference is made also to FIG. 2, which is a diagram
illustrating the first predetermined color temperature and the
second predetermined color temperature of the electronic
device 100 on a CIE 1931 color space chromaticity diagram
in accordance with one embodiment of the present disclosure.
Line B-Y can correspond to color temperatures of white
lights. The first predetermined color temperature corresponds
to point W1, and the second predetermined color temperature
corresponds to point W2. The control component 132 can
separately adjust the first power of the first driving signal and
the second power of the second driving signal, such that the
light-emitting module 120 can emit the white light having the
color temperature corresponding to a point between points
W1, W2 by mixing the white lights having the first predeter-
mined color temperature and the second predetermined color
temperature.

In such a configuration, an electronic device capable of
emitting white light having an adjustable color temperature
can be implemented. In addition, compared to a traditional
light-emitting module mixing red light, green light, and blue
light (e.g., respectively corresponding to end points R, G, B
shown in FIG. 2), the mixing area A of the light-emitting
module 120 of the electronic device 100 in this application
can be significantly shrunk (e.g., the length of the mixing area
A can be smaller than 10 mm) by mixing white lights having
different color temperatures.

Moreover, because white light-emitting units (e.g., white
LEDs) have characteristics of low cost and high performance,
compared to the traditional light-emitting module mixing red
light, green light, and blue light, the light-emitting module
120 ofthe electronic device 100 in this application can have a
higher light-emitting performance and can be manufactured
at a lower cost.

In accordance with one embodiment of the present inven-
tion, the first light-emitting component 124, for example, can
include a first light-emitting unit 124a and a first color tem-
perature conversion unit 1245. The first light-emitting unit
124a, for example, can be an LED, and can be disposed on the
circuit substrate 122. The first light-emitting unit 124a can be
configured to emit a white light having a first original color
temperature (e.g., 5400K) toward the light guide plate 110
according to the first driving signal. The first color tempera-
ture conversion unit 1245 can be disposed corresponding to
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the first light-emitting unit 124a, and can be configured to
convert the white light having the first original color tempera-
ture to the white light having the first predetermined color
temperature (e.g., 8900K).

For example, the first color temperature conversion unit
12454 can include a coating, and the coating is coated on the
circuit substrate 122 corresponding to a light-emitting direc-
tion of the white light emitted by the first light-emitting unit
124a and is located between the first light-emitting unit 124a
and the light guide plate 110.

As another example, the first color temperature conversion
unit 1245 can include a filter, and the filter is disposed in a
light-emitting direction of the white light emitted by the first
light-emitting unit 124a, and is located between the first
light-emitting unit 124 and the light guide plate 110.

On the other hand, the second light-emitting component
126, for example, can include only a second light-emitting
unit 126a.

The second light-emitting unit 126q, for example, can be
an LED, and can be disposed on the circuit substrate 122. The
second light-emitting unit 1264 can be configured to emit the
white light having the second predetermined color tempera-
ture (e.g., 5400K) toward the light guide plate 110 according
to the second driving signal. The second predetermined color
temperature, for example, can be substantially the same as the
first original color temperature. In other words, the white
lights emitted by the first light-emitting unit 124a and the
second light-emitting unit 126a can, for example, have sub-
stantially the same color temperatures.

In such a configuration, the first and second light-emitting
components 124, 126 configured to emit white lights having
different color temperatures can be implemented. Compared
to implementing the first and second light-emitting compo-
nents 124, 126 by using different white LEDs, by using sub-
stantially identical white light-emitting diodes for the first
and second light-emitting components, the complexity and
the cost of the light-emitting module 120 of the electronic
device 100 can be further reduced.

FIG. 3 is a block diagram of the electronic device 300 in
accordance with another embodiment of the present disclo-
sure. The configuration of'the electronic device 300 is similar
to that of the electronic device 100 in FIG. 1, and therefore, a
description of many aspects that are similar will not be
repeated.

In the electronic device 300, the first light-emitting com-
ponent 124, for example, can include the first light emitting
unit 124a and the first color temperature conversion unit
12454. The first light-emitting unit 124a, for example, can be
an LED, and can be disposed on the circuit substrate 122. The
first light-emitting unit 124a can be configured to emit the
white light having the first original color temperature (e.g.,
7500K) toward the light guide plate 110 according to the first
driving signal. The first color temperature conversion unit
12454 can be disposed corresponding to the first light-emitting
unit 1244, and can be configured to convert the white light
having the first original color temperature to the white light
having the first predetermined color temperature (e.g.,
8900K). The implementation of the first color temperature
conversion unit 1245 can be ascertained by referring to the
above paragraphs, and a description in this regard will not be
repeated herein.

The second light-emitting component 126, for example,
can include the second light emitting unit 1264 and a second
color temperature conversion unit 1265. The second light-
emitting unit 126a, for example, can be an LED, and can be
disposed on the circuit substrate 122. The second light-emit-
ting unit 1264 can be configured to emit white light having a
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second original color temperature (e.g., 7500K) toward the
light guide plate 110 according to the second driving signal.
The second color temperature conversion unit 1265 can be
disposed corresponding to the second light-emitting unit
126a, and can be configured to convert the white light having
the second original color temperature to the white light hav-
ing the second predetermined color temperature (e.g.,
5400K).

For example, the second color temperature conversion unit
1264 can include a coating, and the coating is coated on the
circuit substrate 122 corresponding to a light-emitting direc-
tion of the white light emitted by the second light-emitting
unit 126a and is located between the second light-emitting
unit 1264 and the light guide plate 110.

As another example, the second color temperature conver-
sion unit 1264 can include a filter, and the filter is disposed in
a light-emitting direction of the white light emitted by the
second light-emitting unit 1264, and is located between the
second light-emitting unit 1264 and the light guide plate 110.

In this embodiment, the second original color temperature,
for example, is substantially the same as the first original
color temperature. In other words, the white lights emitted by
the first light-emitting unit 1244 and the second light-emitting
unit 1264 can, for example, have substantially the same color
temperatures.

In such a configuration, the first and second light-emitting
components 124, 126 configured to emit white lights having
different color temperatures can be implemented. Compared
to implementing the first and second light-emitting compo-
nents 124, 126 by using white LEDs having different original
color temperature, by using white LEDs having substantially
identical original color temperature for the first and second
light-emitting components 124, 126, the complexity and the
cost of the light-emitting module 120 of the electronic device
100 can be further reduced.

It should be noted that although a front light module of an
e-paper device is taken as an example in the embodiment
above, in practice, the light-emitting module in this applica-
tion can serve as a white light source in other devices (e.g., a
backlight module ofa liquid crystal display device), and is not
limited by the application in the embodiment described
above.

In addition, although the light-emitting module is
described as having two light-emitting components and two
driving components in the embodiment above, in practice, the
light-emitting module can have three or more light-emitting
components and driving components, and is not limited by
the embodiment described above.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What is claimed is:

1. A light-emitting module configured to emit a white light
having an output color temperature, wherein the light-emit-
ting module comprises:

at least one first light-emitting component configured to

receive a first driving signal and emit a white light hav-

ing a first predetermined color temperature according to

a first power of the first driving signal, wherein the first

light-emitting component comprises:

a first light-emitting unit configured to emit a white light
having a first original color temperature; and
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a first color temperature conversion unit configured to
convert the white light having the first original color
temperature to the white light having the first prede-
termined color temperature;

at least one second light-emitting component configured to
receive a second driving signal and emit a white light
having a second predetermined color temperature
according to a second power of the second driving sig-
nal;

a first driving component configured to receive the first
driving signal and provide the first driving signal to the
first light-emitting component;

a second driving component configured to receive the sec-
ond driving signal and provide the second driving signal
to the second light-emitting component; and

a control component configured to separately output the
first and second driving signals, and configured to sepa-
rately adjust the first and second powers of the first and
second driving signals, so as to mix the white lights
having the first and second predetermined color tem-
peratures to output a white light having an output color
temperature, wherein a value of the first predetermined
color temperature is about 8900K, a value of the second
predetermined color temperature is about 5400K and a
value of the output color temperature is between 5400K
and 8900K.

2. The light-emitting module as claimed in claim 1,
wherein the first original color temperature is substantially
the same as the second predetermined color temperature.

3. The light-emitting module as claimed in claim 1,
wherein the second light-emitting component comprises:

a second light-emitting unit configured to emit a white light

having a second original color temperature, and

a second color temperature conversion unit configured to
convert the white light having the second original color
temperature to the white light having the second prede-
termined color temperature.

4. The light-emitting module as claimed in claim 3,
wherein the first original color temperature is substantially
the same as the second original color temperature.

5. The light-emitting module as claimed in claim 1 further
comprising a circuit substrate, wherein the first light-emitting
unit is disposed on the circuit substrate, the first temperature
conversion unit comprises a coating, and the coating is coated
on the circuit substrate corresponding to a light-emitting
direction of the white light emitted by the first light-emitting
unit.

6. The light-emitting module as claimed in claim 1,
wherein the first temperature conversion unit comprises a
filter, and the filter is disposed in a light-emitting direction of
the white light emitted by the first light-emitting unit.

7. An electronic device, comprising:

a light guide plate; and

a light-emitting module configured to emit a white light
having an output color temperature to the light guide
plate, wherein the light-emitting module comprises:

a circuit substrate;
at least one first light-emitting component disposed

on the circuit substrate, wherein the first light-emit-
ting component is configured to receive a first driv-
ing signal and emit a white light having a first
predetermined color temperature according to a
first power of the first driving signal, and the first
light-emitting component comprises:
a first light-emitting unit configured to emit a white
light having a first original color temperature;
and
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afirst color temperature conversion unit configured
to convert the white light having the first original
color temperature to the white light having the
first predetermined color temperature;

at least one second light-emitting component config-
ured to receive a second driving signal and emit a
white light having a second predetermined color
temperature according to a second power of the
second driving signal;

a first driving component configured to receive the
first driving signal and provide the first driving
signal to the first light-emitting component;

a second driving component configured to receive the
second driving signal and provide the second driv-
ing signal to the second light-emitting component;
and

a control component configured to separately output
the first and second driving signals, and configured
to separately adjust the first and second powers of
the first and second driving signals, so as to mix the
white lights having the first and second predeter-
mined color temperatures in a mixing area to output
the white light having the output color temperature,
wherein a value of the first predetermined color
temperature is about 8900K, a value of the second
predetermined color temperature is about 5400K
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and a value of the output color temperature is
between 5400K and 8900K.

8. The electronic device as claimed in claim 7, wherein the
first temperature conversion unit comprises a coating, and the
coating is coated on the circuit substrate and is located
between the first light-emitting unit and the light guide plate.

9. The electronic device as claimed in claim 7, wherein the
first temperature conversion unit comprises a filter, and the
filter is disposed between the first light-emitting unit and the
light guide plate.

10. The electronic device as claimed in claim 7, wherein the
first original color temperature is substantially the same as the
second predetermined color temperature.

11. The electronic device as claimed in claim 7, wherein the
second light-emitting component comprises:

a second light-emitting unit configured to emit a white light

having a second original color temperature; and

a second color temperature conversion unit configured to

convert the white light having the second original color
temperature to the white light having the second prede-
termined color temperature.

12. The electronic device as claimed in claim 7, wherein the
first original color temperature is substantially the same as the
second original color temperature.
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